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CHAPTER I. INTRODUCTION 
The agricultural problem encountered by developed and developing 
nations alike reduced to its simplest economic terms is one of imbalance 
of supply and demand. Developed nations may have an existing or potential 
consumer demand that falls short of the level necessary to provide an 
equilibrium price satisfactory in terms of providing desired levels of 
stable income to farmers. Developing nations characterized by burgeon­
ing populations may generate a demand for agricultural products so large 
that it cannot be adequately met regardless of how high prices might be 
bid in the market place. 
Approaching the problem from the supply side, one may find developed 
national economies with an agricultural sector providing supply levels 
excessive with respect to demand either in total or in distribution over 
time. At the same time, elsewhere in the world, agriculture in developing 
nations has insufficient capacity to meet the demand of large and expanding 
populations. 
Traditionally, economists have taken population as a given in the 
analysis of the over-all problem. However, where demand is largely a 
function of a rapidly expanding population, economists and other social 
scientists have recently given assent to the inclusion of a population 
variable in economic models. 
This study is confined to an examination of supply as it pertains to 
segments of the livestock sector in U.S. agriculture. While thus con­
strained by data sources, the methodology employed is capable of general­
ization to similar problems in other world areas. 
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The livestock sector of U.S. agriculture has experienced some of the 
most severe short-run imbalances, some a result of shifts and changes in 
supply. The resulting price instability and wide-swinging price fluctua­
tions have caused livestock producers periodic hardship and occasional 
substantial profits. 
The objectives and purposes of this study include the following: 
1) Derivation of empirical estimates of static short-run supply 
functions for selected livestock products (hogs, beef cattle, broilers 
and milk) from individual enterprise production functions. 
2) Examination of the hypothesis that the short-run supply functions 
thus derived have extremely low price elasticities of supply. 
3) Evaluation of the adequacy of currently available livestock pro­
duction functions for use in this approach to supply analysis. 
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CHAPTER II. REVIEW OF LITERATURE 
The literature concerning analysis of agricultural supply has moved 
from a position of relative paucity to one of increasing richness during 
the last decade. Supply analysis as a conceptual tool in economics took 
on form in the late nineteenth century. Alfred Marshall (44) developed 
supply as a co-determinant with demand of price and quantity levels in a 
market structure. As if anticipating the development of these tools in 
theory and empirical research, Marshall was somewhat more circumspect in 
his writings on supply than he was on demand. This was true in spite of 
the fact that the utility theory underlying demand is considerably more 
esoteric than the production base for supply. In turn, it appears that 
research workers have pursued with greater success, empirical estimates 
of demand phenomena than have those studying supply. 
Categories of Supply Analysis 
As the science has progressed, the study of supply can be placed in 
one of two rather broad categories. That is we can view supply either in 
a positive or normative setting. The differentiation is largely based on 
conceptualization of the problem or the methodological procedures employed. 
Positive supply analysis 
The first category, that of positive supply analysis, is found most 
frequently in the literature. Basically, it is predictive analysis based 
on historical relationships. Its foundation is a postulated time series 
relationship between two or more variables, one of which is product output. 
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Output is usually assumed to be the dependent variable. The independent 
variable or variables involve product price and other phenomena conceivably 
related to the product under study. Some positive analysis considers the 
product as an industry aggregate. Johnson (36), Heady (25), Cochrane (12) 
and Griliches (19) have viewed agricultural supply from this perspective. 
A number of "positive" empirical studies are confined to a single 
commodity such as dairy production. Barker (3), hogs. Dean (13), and 
soybeans, Rao (53). Others have worked with a closely related group of 
products such as poultry, Hayami (22). Two relatively extensive livestock 
supply studies of a positive nature have been made by Mauldon (45) and 
Van de Metering (64). In connection with each of these two latter studies 
is a rather extensive review of literature primarily directed toward 
positive supply analysis. Thus, since this present work is concerned with 
a normative approach, the remainder of the tracing of literature will be 
in that direction, with a few exceptions. 
Normative supply analysis 
Définitionally, normative supply has come to mean the resulting output 
change when firms adjust in a rational economic manner to price movements 
in terms of equating the appropriate price ratio to marginal transforma­
tion and factor and product substitution ratios. 
John D. Black (6) in a 1924 article discussed farm product supply and 
associated elasticities. While it is one of the early references to supply 
in American agricultural economics, interestingly it uses normative pro­
cedures. His suggested supply estimates were based on the production 
structure of a farm and utilized budgeting techniques to arrive at expected 
5 
response to price changes. Thus appeared the germinal stage of what now 
has developed into linear programming based supply analysis. 
Data sources for budgeting work leading to supply estimates have always 
been open to some question. For example. Black describes a "bulk line cost" 
which presumably represented some sort of median cost estimate. In a later 
paper. Black (7) further refines his procedures and attaches the name 
"synthetic" supply curves to the quantities thus estimated. This reference 
is largely in the form of a project proposal later reported in a compendium 
by Mighell and Black (48). In addition to summarizing a number of regional 
dairy supply analyses, this joint work gives considerable space to a 
detailed description of methodological procedures. One conclusion that 
may be drawn from this reference is that the budgeting techniques used, 
requires an inordinately large measure of subjective judgement on the part 
of the analyst. Mighell and Black (48, p. 72) suggest: 
The second step from "most profitable" to "most likely" 
is a difficult one. It cannot be approached entirely on an 
objective basis ... The situation on individual farms may be 
jointly appraised by the farmer and the research worker who 
is thoroughly familiar with the situation. 
Cassels (10, p. 378) in referring to budgeting as the "first method" 
in contrast to time series supply analysis cautions: "The first of these 
methods although fundamentally sound and naturally attractive to both 
economists and businessmen is of little practical value." Here, his 
primary concern was on the relevance and validity of data sources and not 
necessarily on the method. Cassels (10, p. 382) further suggested the 
great importance of conceptualizing the problem: 
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... the analysis of supply is more complicated and 
difficult than the analysis of demand. It is also plain 
that the difficulties encountered are not peculiar to the 
empirical approach. They are theoretical rather than 
statistical. The idea of a supply curve is not as neat 
or as simple a concept as the idea of a demand curve. 
In this same reference, Cassels emphasizes the time aspect in supply 
analysis. There is the distinction between " calendar time" and "economic 
time." He reviews Marshall's "Market, short-run and long-run" supply con­
cepts. He suggests that the most useful supply analysis is likely to take 
place in the "short run" part of the spectrum. 
Mighell and Allen (47), underscore the particular importance and 
relevance of time in the analysis of supply by research workers in the 
1920-40 period. 
Heady (23, p. 132), suggests: 
The major price and farm income problems of agriculture 
are not those of commodity supply functions and elasticities 
in the long run, but are those of the short run. While the 
long run supply functions may have large elasticity, farm 
income problems arise because the short run supply function 
has low elasticity. One short run continually gives rise to 
another. Agriculture is faced with a continuous sequence of 
short runs, linked in important degree to each other, as they 
progress towards the long run. 
Toiley has provided an example of an empirical study utilizing 
extremely short run data. He made use of a perturbation or shock to 
the market structure for hogs (62). His analysis of supply was based on 
price and quantity responses to a three-month nation-wide packing house 
workers strike in the spring of 1948. 
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Linear programming based supply studies 
The development of linear programming methodology has provided research 
workers with a new tool in the estimation of normative supply functions. 
Again the framework is similar to that of budgeting. Supply estimates are 
made within the integrated setting of the farm firm. Because of the flex­
ibility of this methodology, models can be constructed to reduce the sub­
jective judgement required of the analyst far below that necessary in 
budgeting procedures. 
Easley (14) developed a linear programming derived "stepped" supply 
function for dairy production in northwestern Iowa. Its main thrust was 
to examine the interrelationships between hogs and dairy production as a 
result of price shifts. Further, there was consideration given to the 
various grade levels of milk produced, as well as the possibility of cream 
sales. No explicit recognition was made of the aggregation problem in 
moving from the firm level to that of the market, regional or otherwise. 
Normative supply functions were derived via a linear programming 
study for northeastern Iowa by Andersen (1). Both supply and cross-
supply functions were estimated for grades A and B milk, hogs and beef. 
Because of strong competition between these enterprises, supply price 
elasticity estimates were relatively high. With prices at projected levels 
the only supply elasticity less than unity was for grade A milk, and this 
at the low end of its range. This tends to confirm the hypothesis of 
those suggesting higher price elasticities when inter-firm resource trans­
fers are freely permitted. 
Kelley and Knight (38) in another linear programming based supply 
analysis, were particularly concerned with the response of dairy farmers 
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in the Topeka, Kansas, milk producing area. The price fluctuations noted 
in this study were those brought about by the Federal Order Milk Market 
for the Topeka area. Thus, only grades A and B milk were studied. A 
sample of farms in the area provided data for restrictions used in the 
model. The results of the optimal plans for sample farms were aggregated 
to give a measure of market response. Within the limits they used, out­
put was found to be non-responsive in the short run for price shifts up 
to + 10% from initial price levels. Arc elasticity calculations for 
price decreases resulted in an estimate of .187. On the other hand, 
similar computation for price increases was much lower at .04. 
Barker (4) in a non-normative study gives further empirical evidence 
of the non-reversibility of supply functions for milk. His work involved 
milk production in the Lake States region and made use of price changes in 
four different periods of time. 
Kottke (39) raises questions about the validity of "smoothing" linear 
programming derived "stepped" supply functions. The steps result from the 
discrete nature of data and resulting solutions in linear programming 
supply studies. Except for those results which have relatively long 
horizontal sections in the supply function, Kottke suggests that smoothing 
techniques do not seriously affect possible interpretations made regarding 
supply. 
Supply Functions Derived from Production Functions 
However, the particular form of normative supply analysis that this 
study will follow is that developed in Tweeten and Heady (63). In a 
pioneering effort utilizing this method, they derived short-run supply 
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functions for corn directly from empirical estimates of the production 
function for that crop. The inventory of corn production functions 
available for such work was substantial relative to other farm crops. 
The derivation of supply in this fashion is normative in the sense 
that it describes the supply function for the product when the firm 
maintains optimal relationships for profit maximization. It assumes no 
behavioristic response on the part of the operator of the firm as he 
might react to uncertainty, capital limitation, and other similar phenom­
ena. The supply function thus derived is described as "static" in that 
no time relationships are involved that would conceivably cause shifts in 
supply or time-induced changes in the function itself. No attempts were 
made at aggregating results to regional or national supply estimates. 
Ten production functions for corn provide the basic data in this 
study. These data came from studies made in Iowa, Kansas, Michigan, 
North Carolina and Tennessee. These production functions related the 
output of corn to inputs of either nitrogen, phosphorus or potash ferti­
lizers, or some combination of these nutrient elements. 
It might be noted that supply functions thus derived directly from 
the production function are one stage closer to what might be called 
original data, than are those derived from budgeting or linear programming 
formulations. Further, they involve no subjective judgements on the part 
of the research worker as is necessary when the analyst must decide on 
the appropriate input-output ratio, or upon correct level of factor use as 
an a^^ coefficient in the linear programming matrix. That is, he makes an 
arbitrary decision as to what is the appropriate point on the production 
function. 
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The Tweeten-Heady study utilized three algebraic forms of production 
functions in order to make comparisons between the resulting supply func­
tions. Two were polynomial functions, one using a squared term and de­
scribed as a square root form. A third form of production function 
utilized was what has come to be known as the Cobb-Douglas production 
function in which the regression coefficients estimated are exponents or 
powers of the independent variables. This latter form was found to pro­
duce some undesirable qualities in supply functions thus derived, especial­
ly when two or more independent variables were included in the original 
production function. 
Heady, Pesek and Rao (30), utilized this same normative approach to 
estimate corn supply functions for Clarion, Nicollet and Webster soils from 
a three variable production surface involving nitrogen, phosphorus and 
potash. With corn price set at $1.00 per bushel, the price elasticity was 
found to be .42. 
In searching the literature for studies utilizing the techniques 
described immediately above, no references were found in which the method 
was used in empirical estimates of livestock supply. A partial explana­
tion may lie in the fact that the inventory of empirically estimated pro­
duction functions for livestock is relatively small. 
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CHAPTER III. THEORETICAL CONSTRUCTS AND METHODOLOGY 
The theory of supply rests largely upon the micro-economic analysis 
of production. Supply is a summary statement of what occurs as a firm 
adjusts its output in an attempt to maintain production equilibrium. 
Hicks (33). The forces that cause a disequilibrium to occur are shifts 
in factor or product prices. Thus if prices are permitted to shift over 
a sufficiently large spectrum, the resulting changes that occur in the out­
put of the product in question can be traced out as a supply function. 
Production Function Basis for Analysis 
The technical relationship between product output and factor inputs 
can be generally stated: 
Y = f(X^, Xg, ... X^) (3.1) 
where Y = product level and X^ ... X^ are factors expressing variables 
that are inherently involved in the production process. This has come 
to be known as a production function. It should be noted that equation 
3.1 is a physical relationship rather than an economic construct. The 
factors involved are either biological or engineering in nature and their 
peculiar relationship for a given product is dictated to the economist and 
taken by him as given. While such analysis can be generalized so that the 
output (Y) is an expression of a combination of products (i.e., a multi-
product firm), what follows assumes a single product firm. Further assumed 
is that the variables X. are divided such that some are held fixed in a 
1 
given problem setting. The remaining variables are assumed to be 
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continuously variable with relation to Y. 
The classical cost functions for a firm operating in pure competition 
are illustrated in Figure 1. Costs are defined as a function of level of 
output, which in the above production function is designated as Y. Out­
put is, in turn, a function of the level of inputs. In Figure 1 the 
average fixed cost function is omitted. However, it is simply a con­
tinuously decreasing function of output. Average variable cost, (AVC) 
is defined as total variable cost divided by the units of output. Average 
total cost (ATC) is defined as total cost divided by the units of output. 
Finally marginal cost, (MC) is the increase in cost per unit associated 
with a one unit increase in output, or in the limit, as the derivative of 
total cost with respect to output. 
The maximum profit level of output is defined when price is equal to 
marginal cost above its intersection with average variable cost. Since 
the firm is in pure competition, its effective demand curve is a horizon­
tal line coincident with the level of price. This demand function is also 
equivalent to the firm's marginal revenue function, (MR) so that maximum 
profits can also be indicated as the point at which MC = MR. 
Should the price level fall above the average total cost curve, the 
marginal cost function intersecting it at its minimum, profits would be 
maximized. However, if the price level falls below the ATC curve, but 
above the intersection of AVC and MC, losses would be minimized, using the 
MC = MR rule as indicated above. A firm can only operate at a minimum 
loss position in the short run, however. 
The supply function which will be denoted as Yg can be derived directly 






Figure 1, Classical cost functions for firm including average 
variable, average total and marginal costs 
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derivation are possible, but perhaps the most straightforward is to develop 
a total cost (TC) function from the production relationship. Thus we have: 
TC = X-P^ + X_P„ ... X P (3.2) 
XI z z n n 
where X^ are the variables expressing factor inputs and P^ are prices 
associated with each input. It should be noted that this expression for 
total cost is implicitly subject to the constraint of the production func­
tion, equation 3.1. The expression in equation 3.2, can be shortened to: 
n 
TC = 2 X. P. (3.2a) 
i=l ^ ^ 
In the event that certain input factors, X^ ... X^ are assumed fixed, 
this set is multiplied by the appropriate related prices to determine 
fixed cost (FC) so that FC = 2 X. P. where i = k ... n. Then the total 
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cost function becomes: 
k-1 
TC = 2 X. P. + FC (3.2b) 
i=l ^ ^ 
where again the cost function is subject to the constraint of the original 
production function. A firm operating in pure competition, defines its 
short-run static supply function as that part of its marginal cost function 
above and to the right of the intersection with its associated average 
variable cost function. Thus we can obtain the marginal cost function (MC) 
by taking the derivative of total cost with respect to Y, the level of 
product : 
'  d F  - ( 3 - 3 )  
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The fixed cost constant drops out in differentiating the function, and 
therefore marginal cost is a function only of the variable inputs and their 
associated prices. By equating the marginal cost to the price of product, 
P^, the maximum profit level of output is attained. If the resulting 
relationship is solved for Y, this becomes an expression of the supply 
function Yg. However it will be noted that in equation 3.3, the derivative 
is with respect to Y while the total cost function is given in terms of X. 
When only one input factor is variable, the transposition stating the 
total cost in terms of Y is straightforward. At this point, reference 
needs to be made to the Hicksian stability conditions (33, p. 86-87). 
The two stability conditions that concern us are those requiring a dimin­
ishing marginal product for each input, and diminishing marginal rates of 
substitution between all pairs of factor inputs. This, in essence requires 
that the production function is non-linear with respect to all inputs, and 
that further it is concave with respect to the horizontal axis when this 
describes the level of input use. The second stability condition of con­
cern, infers that the substitution function of all pairs of factor inputs 
is convex to the origin. This leads in empirical research to particular 
forms of production functions that permit these stability conditions to 
arise. Variables can be transformed into second degree polynomials re­
sulting in a quadratic function, or via logarithms to yield an exponential 
function. 
Therefore when we have a production function such as Y = a + bX^ + 
2 
cX^ , that is, one in which only factor X^ is variable, the remaining 
variables are fixed so that their influence is concentrated in the "a" 
term. In developing the related total cost function, Y becomes part of 
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the quadratic solution for and can be relatively easily determined. 
The resulting marginal cost derivation is not at all complex. 
However, in extending the production function to two variable inputs, 
2 2 perhaps with an interaction term, such as Y = a + bX^ + cX^ + dX^ + eX^ + 
fX^Xg, Y becomes a term in two interrelated quadratic solutions for X^ and 
Xg. With this form of production function as well as other variates used 
in past and current empirical research, the derivation of the supply func­
tion via this approach becomes an almost impossible burdensome algebraic 
manipulation. 
Fortunately, however, an alternate approach to deriving the supply 
function directly from the production function is available. It makes 
use of an explicit consideration of the production function, which pre­
viously was taken as an implicit constraint. This approach is based on 
the forming of a profit function and relating it to the total cost function. 
Again, referring to the production function, equation 3.1, the profit 
function is: 
jt = YP - TC (3.4) 
y 
where once again is the price of the product and TC is that defined in 
equation 3.2b. 
Thus to maximize profit, we take partial derivatives of n with respect 
to each of the X^ appearing in the function for Y. These partials are 
set equal to zero to achieve the maximum profit level. 
Therefore we have: 
% - % ° O-:") 
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It is well to note here some of the corollary economic relationships 
that follow from this profit maximizing procedure. First, equation 3.5a, 
can be transformed to: 
% = T 
1 y 
or the profit maximizing level of input where the marginal product of 
factor is equal to the appropriate factor-product price ratio. Equa­
tions 3.5b and 3.5c can be similarly transformed so that it is assured 
that all factors are used at profit maximizing levels and further, ful­
fill the third Hicksian equilibrium condition (33, p. 86). Next, taking 
any pair of equations such as 3.5a and 3.5b, we develop the relationship: 
3Y ^ 
(37) 
BY P_ dX, P. ^ 
Sx, 2^ 
y 
and have the second Hicksian condition for equilibrium such that the 
marginal rate of factor substitution is equal to the appropriate inverse 
factor price ratio.^ Again, other pairs of similar equations assure 
^The first Hicksian equilibrium condition refers to multiproduct 
firms and therefore is not of interest here. 
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a profitable combination of all the factors employed in production. 
Returning to the development of the supply function via the profit func­
tion, equations 3.5a, b and c are solved for the level of at the maximum 
profit level, the resulting being denoted as X% Each of these X^ are 
then in turn substituted into equation 3.1, to form the supply function: 
Yg = g(X', Xg ... (3.8) 
which in turn becomes a function of factor and product price ratios as : 
Y = g ( ^  ^  ^ ) (3.8a) 
S ^ V P ' P • • • p 
^ y y y 
This procedure is developed in detail for a two variable quadratic form 
on pages 26-35. 
The Static Nature of Production and Supply 
Thus far, the derivation of a supply function from its underlying 
production function has been described. Equilibrium and stability con­
ditions have been defined. It may be well to examine further, several 
of the economic consequences of the firm maintaining economic equilibrium 
as it operates on the derived supply function. 
The relation between factor input levels and output has been alluded 
too. That is, the firm is assured that in equilibrium, each factor is 
used to the point where its contribution to profit is maximized. This is 
ÔY ^i 
expressed for factor X. as, = — or that the factor-product price 
^ i y 
ratio is equal to the marginal product of the factor. When this relation­
ship is generalized for all factors simultaneously, as is true in the 
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above supply formulation, the relative efficiency of the methodology is 
apparent. Production economists in the past have largely been confined 
to considering the various factor-product relationships singly, holding 
the remaining variables in the production function fixed. 
The second interesting economic relationship that derives from this 
supply formulation is in regard to the substitution ratio between input 
factors. Allusion was made to the equation of the marginal rate of sub­
stitution of pairs of factors to their appropriate inverse factor price 
ratios. This is equivalent to a statement that between pairs of factors, 
we achieve successive least cost combinations as the supply function is 
followed. Again this was generalized for all possible pairs of factors 
in the analysis. 
Production economists have long used an alternative schema for this 
phenomenon as it applies to multi-factor aspects of production. Thus when 
output is expanded by the utilization of two or more factors, the trace 
up the production surface is designated as an "expansion path." The 
expansion path may also be characterized as an isocline on the production 
surface. Here, the definition of an isocline is a series of points, along 
which the substitution ratio between a pair of input factors is held con­
stant. If the substitution ratio is fixed at the same ratio as the inverse 
of factor prices, it is also a unique expansion path. 
Since the supply formulation also guarantees that pairs of factors 
are utilized in least cost combinations, we therefore move along an ex­
pansion path or unique supply isocline as the level of supply changes in 
relation to output price. Once again, the power and generality of the 
supply formulation is underscored. 
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In all of what has previously been discussed, the production and 
resulting supply functions have implicitly been assumed to be static. 
The definition for economic statics developed by Hicks is used here 
(33, p. 115). That is, economic variables that do not require dating are 
static. Conversely, a problem in economic dynamics requires each variable 
to be dated, so that appropriate sequencing can be followed. Thus, when 
this study was earlier described as static and short run, the time period 
inferred by it being "short run" does not necessarily make it static. 
The static nature of the study is inherent in the production function base. 
Referring once more to equation 3.1, the production function is static in 
that it describes relationships with regard to a given state of technology 
and thus is sharply fixed in the real or calendar time spectrum. It is 
important to establish this firmly in a period of history in which produc­
tion technologies are changing very rapidly as is true in current agri­
culture . 
If the variables in the production function of equation 3.1 are 
arranged in terms of the period over which they give off service, and if 
those having the shortest "life" are placed first in the series, with those 
having successively longer service lives placed later, it is possible to 
develop a "time" relationship within a static framework. This has been 
referred to as "economic time" in distinction to calendar time. Thus we 
define a "short run" economic relationship as that in which the production 
variables having the shortest service life are used to produce a distinct 
product. An example of this "short run" in livestock production would be 
a feeding period in which only feed inputs are variable. That is, live­
stock numbers, equipment resources and building space would be fixed during 
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the short run. In line with the earlier statement regarding statics, 
feeding technology would likewise be fixed during this short run and a 
static analysis would result. Using this same example, an intermediate 
production period would permit variables such as livestock numbers, in­
tensity of production and equipment to change in magnitude. This could 
be described as an "intermediate run" production period. Finally a 
"long-run" production period would assume variable all of the above in­
puts, plus the remaining factors previously held fixed, such as build­
ings and in some cases breeding stock. 
Relating this production base to supply analysis, it is found that 
by changing the definition of the production period by stages from short 
run to long run, the entire "fan" of supply curves suggested by Cassels 
(10, p. 382) can be approximated, those most inelastic resulting from the 
short run and those most elastic from long run production situations. It 
should further be noted that each of the various "runs" describes a static 
analytical framework. 
Referring once more to the short run livestock production period, 
the particular enterprise dictates the calendar time required to produce a 
given unit of product. The specific biological and technical nature of 
production may vary considerably. For example, using the technical data 
described later in this study, the production period for hogs ranges from 
3% to 4 months, for beef production about 4% months, and for broilers 
about 80 days. The production period for milk was arbitrarily set at a 
single week. 
Should a change occur in the production function, either by the intro­
duction of new variables or by making one of the previously defined 
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variables technically more efficient, the analysis takes on dynamic 
characteristics. If the two production situations, the "old" and the 
"new," are to be compared, it would be necessary to date each of the af­
fected variables. For example, in hog feeding, if a new feed additive is 
discovered resulting in the previously defined feed variables causing a 
higher or faster rate of gain, each of the now more efficient feed vari­
ables, as well as the function itself, would carry a designation relating 
to this later "date." If this process is considered over a sufficiently 
long period of time with successive improvements in technology, it is 
obvious that a dynamic analysis results with a series of "dates" represent­
ing the various stages of technological development. 
Components of Supply 
An alternative perspective on the analysis of supply is made possible 
by categorizing the various components into two classes. That is, the 
components of supply may be either production oriented or behavioristically 
oriented. Thus, if supply phenomenon is related only to rational profit 
maximizing economic response to technical production relationships, as is 
true in this study, it would be classified as production oriented. How­
ever, if the supply phenomenon is tempered by additional constraints such 
as uncertainty or capital limitation, the behavioral response by the firm 
may be pre-eminent. Price expectation uncertainty may cause the firm to 
ÔY ^i 
operate at some point where > — because of subjective discounting on 
i y 
the part of the firm. The specific subjective discount rate is behavior-
is tic ally determined and results from a composite of forces including the 
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psychological characteristics of the manager of the firm, his past experi­
ences and similar related phenomena. Response to capital limitation may 
likewise be largely behavioristic in nature. 
Increasing awareness of the behavioristic component of supply is 
evidenced by those doing work in the area of aggregate positive supply 
analysis such as Nerlove (49). Supply models thus developed, having 
various lags in price variables have attempted to make some estimate of the 
behavioral response over time. The importance of having accurate esti­
mates of the production oriented component of supply is evident when re­
search in the past has dismissed as unimportant or disregarded completely 
the production component. In many cases, recognition of the concept of 
components of supply as such, has not been evidenced. Instead the supply 
response for the agricultural industry as a whole was simply taken as an 
aggregate unit of analysis. The supply estimates thus derived were a 
conglomeration of various behavioristic components as well as the primary 
production component. 
Aggregation of Firm Supply Response 
When the short-run static supply response of individual firms is 
aggregated to the industry level, or to some geographic sub-unit of the 
industry, problems arise. Those working with normative, linear programming 
supply analyses have recognized this problem as illustrated by Plaxico (51) 
and Andersen (1). When aggregation is at a level of some geographic sub-
unit of the total industry market such as that of Kelley and Knight (38), 
the usual pure competition assumptions regarding the nature of the firm's 
product demand function as well as that of its resource supply functions 
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are not seriously violated. Thus, it may be reasonable to assume that a 
particular sub-unit of the market is not sufficiently large to influence 
prices via the product demand function and resource supply functions. 
However, were one to attempt to aggregate firm supply functions to industry 
levels in an economy as large as the total U.S., the aggregation problem 
would have to be given further analytical emphasis. Since this study is 
limited to the firm level, the aggregation problem is not of significance, 
but nevertheless is recognized, should one attempt to make market inferences 
from the empirical findings. 
Specific Methodological Relationships 
Theoretical constructs and definitional clarifications have been 
considered above. Specific methodological details are outlined briefly 
here. First, the choice of production function formulation is described. 
This choice is largely prescribed by earlier research which derived the 
livestock production functions, the inventory of which formed the basis 
for this study. In addition to meeting the criteria of equilibrium and 
stability detailed above, the functional choice utilized some of the find­
ings of the methodological work on corn developed by Tweeten and Heady 
(63), regarding short-run static supply. One difference between the 
static supply analysis of a crop and that of livestock is in the inter­
pretation of the number of variables used in deriving a supply function. 
For crops, it is quite meaningful to consider the supply function developed 
from one variable such as nitrogen, holding other fertilizer nutrients 
fixed. However, for livestock where two or more feeds are utilized, an 
analysis of a single feed is often not biologically meaningful. The 
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situation is further not analogous since the soil upon which crops are 
grown has some level of inherent fertility, while livestock feeding can 
be absolutely controlled by the experimenter. 
With this background, the choice of functional relationships can be 
narrowed somewhat. Tweeten and Heady (63) found unsatisfactory for 
multi-variable supply analysis the production function described by econ­
omists as the "Cobb-Douglas" type. In this formulation of the production 
function, empirical estimates express the regression coefficients as ex­
ponents of the input variables, the variables being interrelated in a 
Id c t 
multiplicative fashion as follows: Y = aX^ . 
Since it is desirable for purposes of comparison between livestock 
enterprises, that the production function formulation be similar, the 
choice was narrowed to essentially two forms of a quadratic polynomial. 
One of the forms transforms the independent variables by squaring and the 
other transforms by taking a square root. The first form (with squared 
terms) has come to be known in the literature as a "quadratic" production 
function, the other as a "square root" production function. Between these 
two forms, the quadratic form was selected, first because it was more 
widely used in past research, and further that in a number of cases, the 
signs of empirically estimated square root functions did not meet one of 
the stability conditions outlined above, namely that of providing dimin­
ishing returns to all variable inputs. Since the express purpose of some 
of the livestock production function estimates was that of securing factor 
substitution relationships, this characteristic was not essential. 
The formulation of the production function to be used for deriving a 
supply function is somewhat critical. This fact is developed in rather 
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great detail in Tweeten and Heady (63). It is again emphasized here, 
since it puts an additional constraint on the choice of production func­
tion formulations in addition to those already widely recognized. In a 
sense it is a "feed-back" relationship to production function analysis. 
Previously, workers had only to account for biologic and economic rele­
vance of the function itself as well as various statistical measures of 
2 goodness of fit such as R , the correlation index, or t tests on the 
various independent variables. These various procedures are examined in 
detail in Heady and Dillon (28). Now an additional criterion can be 
added to production function estimates, namely, "How well does the form 
adapt itself to the derivation of static short run supply functions?" 
Thus, having developed the rationale for selection of the quadratic 
production function formulation, what follows is a detailed procedural 
development of the resulting supply function for situations where two 
variable factors are considered simultaneously. Utilizing the regression 
equation for the assumed production function, the supply function is de­
rived in terms of the regression coefficients and product and resource 
prices. 
Derivation of General Solutions from 
Quadratic Production Functions 
Beginning with the general form of a two variable input production 
function such as : 
Y = a + bX^ + cXg + dX^^ + eXg^ + (3.9) 
where Y is an expression of product output, X^ and X^ are two factor 
input variables and the letters a ... f are coefficients expressing a 
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given relationship between output and the input variables and correspond 
to the respective regression coefficients. 
First a profit function is formed by multiplying output and factor 
variables by their corresponding prices: 
n = P (a + bX^ + cXg + dX^^ + + fX^X^) - P^X^ - PgXg - F (3.10) 
where it is total profit, 
P^ is the price of output Y, 
P^ is the price of factor X^, 
Pg is the price of factor X^, 
and F is a measure of other fixed costs involved in the produc­
tion process. 
Then taking the partial derivatives of profit with respect to each 
factor and setting each equal to zero in order to maximize profit we have: 
I5 = P b + 2P dX- + P FX- - P = 0 (3.11) 
oX y y 1 y 2 1 
or 
p 
II" = b + 2dX^ + fX^ = ^  (3.11a) 
1 y 
or 
= c + 2eX2 + fX^ = ^  (3.12a) 
2 y 
and letting the price ratios: 
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^ = oc 
y 
and _2 = g 
y 
we solve for and respectively:^ 
P - c - 2eX 
X^ = (3.13) 
Q! - b - 2dX_ 
and Xg = (3.14) 
and substituting equation 3.14 into equation 3.13; 
P - = - 2e 
= g (3.13a) 
or X^ = _ || (a - b - 2dX^) (3.13b) 
or X = ^ ~ ^ ^ (a - b - 2dX ) (3.13c) 
^ f f ^ 
_ 4deX 
or X = ^ ~ ^ + —I (a - b) - —%— (3.13d) 
^ f f f 
or (4de - f^)X^ = f(c - P) - 2e(b - oi) (3.13e) 
1, The author is indebted to V. Y. Rao for suggesting this approach. 
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and finally . - P) - 2e(b - «) (3.15) 
4de - f 
By the same process of elimination, solving for we have; 
X = f(b - a) - 2d(c - p) (3.16) 
4de - f 
In both equations 3.15 and 3.16, we have the respective factors 
expressed only in terms of price ratios and regression coefficients. So 
that the final supply relationship can be reduced to the smallest number 
of terms we digress slightly to evaluate the production function, equation 
3.9, at its maximum. That is we take partial differentials of equation 
3.9 with respect to the factor inputs and set them equal to zero as 
follows : 
||- = b + 2dX^  + fXg = 0, (3.17) 
and . c + 2aX2 + - 0. (3.18) 
And again solving for X^ and X^ by elimination for 3.17a and 3.18a: 
we have: 
= -c - ^ ^2 (3.17a) 
Xg 2 (3.18a) 
X = -i ^ (3.19) 
4de - f 
f 
-b - 2dX^ 
f 
cf - 2eb 
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and X = (3.20) 
4de - f 
2 
and letting 4de - f = Kg, 
Xi = ^ (3.19a) 
and Xg = ^ (3.20a) 
and substituting equations 3.19a and 3.20a into equation 3.9 we have: 
Y - a + b I : ^^''V c + d fcf - Zeb' ^  
"^ 0 / \ ^0 y V Kj, 
_j_ ^ /bf__2_2cd\^ ^  g/cf - 2eb^ /bf - 2cd 
(3.21) 
Ko / V Go / \ =0 
Multiplying equation 3.21 out, factoring and cancelling we have: 
Y . a + -2^  - . isfi + sfi + ïfê . i££ n 221 
0^ "^ 0 0^ 0^ >^ 0 0^ 
or Y = a + Mf_JLA_Ê_:L_Ç__É (3.22a) 
^0 
which is the value of Y at its maximum and can be denoted as Y.,. 
M 
Returning once again to equations 3.15 and 3.16, in factoring and 
rearranging each, we secure: 
X, = - f + |S3 (3.23) 
 ^ 0^ 0^ 0^ 
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and X = (3.24) 
by utilizing our KQ designation. It is evident, however, that the first 
cf — 21^ ê 
factor in equation 3.23, , is the value of X. at Y , and like-
0 i M 
bf - 2cd 
wise the first factor in equation 3.24, , is the value of X at 
Kq 2 
Yj^. Thus letting 
cf - 2be = 
and bf - 2cd = 
we can substitute these values into equations 3.23 and 3.24 and get: 
X i = ^ - ^ + | ^  ( 3 . 2 3 a )  
^ ^0 S ^0 
and ^2 " ^  (3.24a) 
 ^ 0^ 0^ 0^ 
Thus to develop the supply relationship Yg we substitute into equation 
3.1 the forms developed in equations 3.23a and 3.24a: 
Y„ = a + ^  (2ea - fp + K.) + f (2dp - fa + K„) 
S KQ 1 KQ 
+ I 2 (2ea - fP + K_)2 + f 2 (2dp + fa + K_)^ (3.25) 
KQ 1 ^0 ^ 
+ I 2 (2ea - fp + K.)(2dP +  f a  +  K.) 
Kq 1 2 
Multiplying this expression and factoring out the following: 
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&C? fog ^ 2^ 1^ 
=0 ' " Go ' Ko ' Ko ** =0 
equation 3.25 reduces to: 
bK. 
Y = a + _ MÊ. + 1 + ZÇÉÊ. _ Çfg 
S =0 Ko Ko Ko *0 
+ (3.25a) 
iCo Ko Ko K* Ko Kq 
PK QK. fK_K_ 
This further reduces to Yg by factoring and cancelling all but three a and 
Ç> terms in the form we can easily operate with: 
Yg = (3.26) 
2 
where once again = 4de - f . 
The particular merit of this formulation is that supply Yg, is a 
function of Y^, a constant for any given production function and a second 
term made up of price ratios and regression coefficients. With a fixed 
set of prices for factor inputs and we can remove the price of Y 
so that: 
2 . 2 
+ i 2 
y 
eP^ + dPg - fP^Pg 
^ : 
To compute the price elasticity of supply Sg, for Yg I Eg = ^ 
y s 




f (ea^ + - faP) 
= - r (3.27) 
f - fîjP^) i 2 
S = - — 2- (3.27a) 
Thus we have derived a supply function where quantity of output Yg is a 
function of the price of product and its associated elasticity function. 
A related economic quantity to that of the product supply function 
of the firm, is that of its associated resource demand functions. In the 
above procedural derivations, the resource demand function for factor 
is expressed in equation 3.15, and that for factor in equation 3.16. 
If desirable, the expression can be rewritten from equation 3.15 as: 
= ~ + 1^ - P" , (3.28) 
 ^ 0^ 0^ 0^ 
but in any case the first term on the right is a constant, (where is 
defined as above) and with a fixed price for the product and factor X^, 
the third term on the right also becomes a constant. Therefore the equa­
tion for demand of factor X^ is simply: 
X. = K„ + (3,28a) 
1 3 Kq 
cf " 2bG — fB 
where K„ = — ^ and further when P is fixed and removed from 
3 Kg y 
the a value: 
X^ = K3 + (Pp (3.28b) 
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4 ^0 • 
Similarly, the demand function for factor is rewritten from equation 
3.16, as 
^ bf - 2cd 2^ _ fg 
0^ 0^ 0^ 
=2 = - #:. o-z*) 
and reducing by forming a constant: 
where K = " ^ cd - fa (3.29a) 
and further: 
+ Kg (Pg) (3.29b) 
2d 
P 
where K, = ^ 
^ ^0 
To determine the associated elasticities of demand defined as 
dX. P. 
1 1 
dP. • X. 
1 1 
the following equations are given. The elasticity of demand for factor X^, 
^1 
€ is 2ea 
^1 Ko 
=0 = ' (3-30) 
X2 
and the elasticity of demand for factor X^, is 
2dg 
= -5:^ - ' (3-31) 
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Thus have been derived relatively simple expressions for both product 
supply and factor demand in terms of regression coefficients and price 
var iables. 
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CHAPTER IV. EMPIRICAL ANALYSIS 
Over the past decade and half, production economists have accumulated 
an inventory of technical production functions relating certain input 
factors to a given crop or livestock enterprise. For the most part, these 
production functions have been obtained from experimental analyses per­
formed by workers in agronomy and animal science. Collaborative effort 
between these technical agriculturalists and agricultural production 
economists has opened a new era of fruitful work between these several 
disciplines. Recognition is given to the great likelihood that results 
gathered under controlled experimental conditions are likely to yield a 
production response higher than that on the average farm. Similar recog­
nition is given to the circumstance that shifts in variables neither under 
farm nor experimental control would result in a distribution of production 
functions rather than the single estimate that is examined and from which 
derivations are made. For example, an outbreak of disease would cause 
such a shift for a livestock enterprise. 
Selection of Functions for Supply Analysis 
Some of the rationale for selection of the particular quadratic form 
of production function utilized in this analysis was given in the preced­
ing chapter on methodology. Further reasons for selection of a specific 
function when several were available for a given livestock enterprise, 
might well be indicated. In some cases, the previous research worker 
specified a function which upon detailed analysis both in the area of 
economics and biologies and according to certain statistical tests, he 
came to regard as "most desirable." In other situations, the function 
or functions chosen appeared to be representative in terms of pooling a 
wide range of observations. Yet another reason for choice was in regard 
to a negative aspect, that is some functions were eliminated because of the 
signs of coefficients. For example, with what has been called the quad­
ratic form of production function, the coefficient of the untransformed 
or original observation of the independent variable (X^ or X^) is expected 
to take a positive sign. Likewise, the transformed variable (the square 
of the original observation) is expected to have a negative sign. Thus is 
obtained the decreasing marginal product function necessary for a stable 
equilibrium. However some livestock production functions examined had 
positive signs for coefficients of the squared terms. Thus they were 
eliminated from consideration in deriving supply functions. 
Choice of Price Relatives 
Since it was developed in theory that supply values result from price 
ratios between inputs and output, it was necessary to establish some base 
set of price relatives, as an initial point of departure. Current prices 
for Iowa farm products based on 1965 average price levels were utilized 
as this base (52). These base prices are presented in Table 1. When 
the effect of price variations are examined, the boundaries established 
represent some relevant range of possible price expectations. Character­
istics of some types of livestock production result in pricing problems 
not encountered in crop production. Fox distinguishes between these 
characteristics by labeling one type of production as continuous, and the 
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Table 1. Prices of Iowa farm products 
Product or resource Unit Price 
Corn bushel $ 1.10 
Alfalfa hay ton 21.40 
Soybean oilmeal ton 95.00 
Hogs cwt. 20.80 
Cattle cwt. 22.60 
Milk cwt. 3.54 
Broilers pound .15 
other as discontinuous (15). That is, most livestock products are pro­
duced under what might be called continuous production. In contrast, 
most crops are characterized by discontinuous production. Only when 
the crop reaches a certain stage of maturity can it be harvested as a 
distinct product. To be sure, there are various grades for grain, but 
these largely apply to a harvested, fully mature product. Discontinuous 
production for crops is further analyzed into perishable and storeable 
categories. The accompanying supply relationships are evident but will 
not further concern our analysis. 
It is the continuous nature of livestock production that has the 
greatest relevance to this study. For such livestock production as milk 
and eggs there is no difficulty in envisioning the continuous flow char­
acteristics of the product. Again other than some possible quality 
differentials such as exist between grades A and B for both milk and eggs. 
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pricing is straightforward, and the assumption of a homogeneous product 
is not seriously violated. 
However, for livestock production that involves a feeding process in 
which time is involved in adding weight to the animal, a problem arises as 
to the resulting revenue relationships. Whereas for homogeneous products 
in pure competition at the firm level, a continuous horizontal revenue 
function indicating a given price level is assumed, this does not hold 
for feeding livestock. Heady (24, p. 343-345) represents the revenue 
relationship for livestock feeding as series of horizontal segments 
representing given weights and grades with discontinuities between the 
horizontal segments. For example, there is a particular revenue segment 
representing the highest price related to the grade and weight considered 
optimal by the market at a given time. On either side of the maximum 
revenue level, there are "stair-step" revenue segments representing dis­
counts for immature and lower grade animals and likewise for overweight or 
overfinished animals. While recognizing the existence of this market 
relationship, the supply functions derived here, assume a continuous 
horizontal revenue function. 
Supply Functions Derived for Hogs 
The analysis of supply for hogs is based on two research studies, 
one by Woodworth (66), and the other more recent one by Johnson (37). 
The Woodworth study was derived from several Iowa State University, 
Department of Animal Husbandry experiments.. The first to be analyzed here 
was a production function expressing the relationship between pounds of 
gain, Y, beyond weaning (set at 34 pounds) and the feeds, corn designated 
40 
as C, and 45 percent soybean oilmeal designated as P, both expressed in 
pounds. The feeding took place on drylot. The feed additive, aureomycin 
was included in the ration. The breed of hogs was a cross between Duroc, 
Landrace and Poland China. The production relationship for an experiment 
designated as number 536, for the overall feeding period was expressed as: 
Y = 2.032 + .324C + .464P - .0001290^ - .000917P^ - .OOOlllCP (4.1) 
All coefficients were significant at the 5 percent level or less according 
to Woodworth (66, p. 77). 
The second production function analyzed was designated as a pooled 
response from experiments numbered 536 and 554. With the same experimental 
conditions and term designations as described for equation 4.1, the rela­
tionship is: 
Y = 3.004 + .314G + .582P - .0000990^ - .00144P^ - .000118CP (4.2) 
In this case, the CP or interaction term was significant at less than the 
20 percent level. 
The following three hog production functions were estimated by Robert 
Johnson (37), for Swine Nutrition Experiments 6323 and 6335 of the Swine 
Nutrition Section of the Animal Science Department, Iowa State University. 
The animals used were undesignated crossbreds and were fed on drylot. 
Initial weight was 50 pounds and rations of corn and soybean oilmeal were 
fed in varying proportions. The first production function presented in 
equation 4.3 is from the pooled data of both experiments 6323 and 6335. 
Y = 1.2118 + .2724C + .7088P - .000122C^ - .003843P^ + .000672CP (4.3) 
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Equation 4.4 gives the production function for experiment 5323 which 
was conducted during the summer period. 
Y = 1.4090 + .2787C + .6973P - .0001300^ - .004151?^ + .000838CP (4.4) 
Equation 4.5 is an expression for the production function for experi­
ment 6335 which was estimated under winter feeding conditions. 
Y = 1.7391 + .2616C + .6923P - .OOOIOÔC^ - .003485?^ + .000581CP (4.5) 
In each function, Y indicates gain in pounds beyond weaning weight of 50 
pounds; C, pounds of corn fed and P, pounds of soybean oilmeal fed.^ In 
each of the equations 4.3, 4.4 and 4.5, regression coefficients were 
significant at a probability level of .01 or less. 
Derivation of empirical supply functions 
Utilizing the formulation developed in Chapter III, the supply func­
tions for equations 4.1, 4.2, 4.3, 4.4 and 4.5 become respectively: 
Yg = 234.97 + 
Y = 279.73 + 
Yg = 337.12 + 
,000917a^ - .000129g^ + .OOOlllog 
.00000046 
• 001440Q:^ - . 000099e^ + .OOOllSag 
.00000056 





In the Johnson study, soybean oilmeal was designated S for mnemonic 
value, but to make the terms consistent with the Woodworth study it will 
be designated as P. 
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Yg = 377.03 + -.004151a^ - .0001303^ - .000838Qg | 
.00000146 J (4.9) 
V = OAR m , I-.0034850:^ - .0001063^ - .00058 lag 
S L .00000114 (4.10) 
where 
price of corn , „ price of soybean meal 
a = —: 7—r and Ç> = ^  : TT 
price of hogs price of hogs 
Supply values were estimated for each function at the base prices for corn 
and soybean oilmeal and for hog prices in the range between 10 cents and 
40 cents per pound. In addition, the effect on supply of changing the 
price of corn and soybean oilmeal with prices both above and below the 
base levels were estimated. The value of these estimates are presented 
in Tables 2 through 6 and in Figures 2 through 6. In the tables, soybean 
oilmeal is designated SBOM. 
The influence on supply for both increases and decreases of one 
factor price, with the other held at the base level is greatest in the 
lower range of hog prices. For example with supply equation 4.6, and 
10 cent hogs, the estimated supply value is 117.8 pounds when corn is 
priced at $1.10 and soybean oilmeal is priced at $95.00 per ton, the 
base levels for factor prices. If soybean oilmeal is raised to $110.00 
per ton with corn held at base levels, the hog supply level drops back 
to 99.8 pounds, a decrease of 18 pounds. When the protein supplement 
price is lowered to $80.00 per ton, again with corn price at the base 
level, the supply of hogs increases to 132.6 pounds, almost 15 pounds. 
With protein supplement price levels held at the base levels and corn 
price shifted from 90 cents to $1.30 per bushel, the supply level of 
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Table 2. Estimated supply levels above weaning weight for hog supply 




C D E 
Price corn 
(per bushel) 
1.10 1.10 1.10 .90 1.30 
Price SBOM 
(per pound) 
.0475 .055 .040 .0475 .0475 
Price hogs 
(per pound) (pounds) 
.10 117.8 99.8 132.6 139.2 91.3 
.13 165.6 155.0 174.4 178.3 149.9 
.16 189.2 182.2 195.0 197.6 178.8 
.19 202.5 197.5 206.6 208.4 195.2 
.22 210.8 207.0 213.8 215.2 205.3 
.25 216.2 213.3 218.6 219.6 212.0 
.28 220.0 217.7 221.9 222.7 216.6 
.31 222.3 220.9 224.3 225.0 220.0 
.34 224.8 223.3 226.1 226.7 222.5 
.38 226.9 225.6 227.9 228.3 225.0 
.40 227.6 226.5 228.6 229.0 226.0 
44 
Table 3. Estimated supply levels above weaning weight for hog supply 




B C D E 
Price corn 
(per bushel) 
1.10 1.10 1.10 .90 1.30 
Price SBCM 
(per pound) 
.0475 .055 .040 .0475 .0475 
Price hogs 
(per pound) (pounds) 
.10 159.9 149.3 168.4 189.4 123.6 
.13 208.8 202.6 213.9 226.3 187.4 
.16 232.9 228.8 236.3 244.4 218.8 
.19 246.5 243.6 248.9 254.7 236.5 
.22 255.0 252.8 256.7 261.1 247.5 
.25 260.6 258.9 261.9 265.3 254.8 
.28 264.4 263.1 265.5 268.2 259.8 
.31 267.3 266.2 268.1 270.3 263.5 
.34 269.4 268.4 270.1 271.9 266.2 
.38 271.4 270.7 272.0 273.5 268.9 
.40 272.2 271.6 272.8 274.0 270.0 
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Table 4. Estimated supply level above weaning weight for hog supply 






C D E 
Price corn 
(per bushel) 
1.10 1.10 1.10 .90 1.30 
Price SBQM 
(per pound) 
.0475 .055 .040 .0475 .0475 
Price hogs 
(per pound) (pounds) 
.10 169.4 155.9 182.0 212.3 119.6 
.13 237.9 229.9 245.4 263.3 208.4 
.16 271.6 266.3 276.5 288.4 252.1 
.19 290.7 286.9 294.2 302.5 276.9 
.22 302.5 299.7 305.1 311.3 292.2 
.25 310.3 308.1 312.3 317.2 302.3 
.28 315.7 314.0 317.3 321.2 309.4 
.31 319.7 318.3 321.0 324.1 314.5 
.34 322.6 321.4 323.7 326.3 318.3 
.38 325.5 324.6 326.4 328.5 322.1 
.40 326.6 325.8 327.4 329.3 323.5 
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Table 5. Estimated supply levels above weaning weight for hog supply 
function 4.9 associated with 5 price combinations for feed 
inputs 
Price combination 
A B O D E  
Price corn 1.10 1.10 1.10 .90 1.30 
(per bushel) 
Price SBOM .0475 .055 .040 .0475 .0475 
(per pound) 
Price hogs 
(per pound) (pounds) 
.10 194.3 179.1 208.6 240.6 140.7 
.13 268.9 259.9 277.4 296.3 237.2 
.16 305.7 299.7 311.2 323.7 284.7 
.19 326.4 322.2 330.4 339.2 311.6 
.22 339.3 336.1 342.2 348.8 328.2 
.25 347.8 345.4 350.1 355.2 339.2 
.28 353.7 351.8 355.6 359.6 346.9 
.31 358.0 356.4 359.5 362.8 352.4 
.34 361.2 359.9 362.5 365.2 356.6 
.38 364.4 363.3 365.4 367.6 360.7 
.40 365.6 364.7 366.5 368.5 362.3 
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Table 6. Estimated supply level above weaning weight for hog supply 
function 4.10 associated with 5 price combinations for feed 
inputs 
Price combination 
A B O D E  
Price corn 1.10 1.10 1.10 .90 1.30 
(per bushel) 
Price SBOM .0475 .055 .040 .0475 .0475 
(per pound) 
Price hogs 
(per pound) (pounds) 
.10 162.0 147.4 175.6 209.9 106.2 
.13 238.0 229.3 246.0 266.3 204.9 
.16 275.4 269.6 280.7 294.1 253.5 
.19 296.5 292.4 300.3 309.8 281.0 
.22 309.6 306.6 312.4 319.5 298.0 
.25 318.3 315.9 320.4 325.9 309.3 
.28 324.3 322.4 326.0 330.4 317.2 
.31 328.7 327.1 330.1 333.6 322.8 
.34 331.9 330.7 333.1 336.1 327.1 
.38 335.1 334.1 336.1 338.5 331.3 
.40 336.4 335.5 337.0 339.4 332.9 
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Figure 2. Derived hog supply functions, equation 4.6 
for base level prices (A) for com and soy­
bean oilmeal, and price combinations B ... D 
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Figure 4. Derived hog supply function, equation 4.8, 
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for base level prices of com and soybean 
oilmeal 
52 
-k -j- 1 1 1 ' 1 1 M 1 ! i 1 1 1 
1 1 1 1 M i ' 1 1 1 ) ' 1 1 1 1 1 i ! 1 1 1 1 1 1 1 ; 
An 1 1 1 1 1 1 1 ! 1 1 i 1 i ' ! • ! : 1 1 1 1 1 1 1 1 1 M 1 i r ! • 
1 1 i ! M i 1 1 1 Il M 1 i M 
1 1 1 1 ! 1 1 1 1 ' 1 
1 1 •! 1 : i : i. ! ' ! i 1  i l l ' :  : : 1 1 1 ! i 1 1 1 • ' 1 
1 1 1 1 1 1 1 M • i : 1 
1 ! 1 1 1 ! 1 ! 1 , 1 1 
1 i 1 1 1 i 1 1 1 1 i 1 i ' 1 
1 1 1 Î 1 1 1 1 ] 1 ; 1 ! 1 1 ' j 1 i ! 1 i 1 1 1 1 1 1 1 • ' 1 i 1 1 1 ! 1 1 1 M M ,  i r ; 1 1 1 1 1 1 1 1 ^ i p ; i 
1 1 1 1 1 1 i 1 1 1 / . 1 j 1 t 1 M ! M j • ! 1 
1 1 1 f i l !  
1 1 1 1 1 ! i (: < 1 1 
! 1 t 1 1 1 1 1 ir, 1 1 1 
.30 1 1 1 1 1 ! 1 1 i 1 1 i f i 1 1 ; 1 1 1 1 1 1 1 l/ 1 1 i i 1 11 I 1 1 1 1 1 f 1 i 1 i 1 1 1 i / 1 i ; : 
1 1 ! 1 f ( ; 1 ! 
t 1 /• ' 
1 /i 1 
1 / 1 ! 
! 1 M / 1 ! 
.25 - 1 1 ! 1 / ; 1 1 • 1 1 1 1 1 i/i 1 : 1 I 
1 1 1 y 1 1 1 1 1 1 <u 
u 1 1 1 M / ! i ! i 1 1 
•iH 1 1 1 1 1 / 1 ! 1 : i 1 
M 1 1 1 1 t 1 /i 1 1 1 1 1 1 
P-( 1 1 ! 1 1 / 1 1 • ! 1 1 1 
1 ! ! i/: i 1 i 1 i 1 1 1 1 i / 1 ! 1 i ' ! ! 1 
1 ! 1 1 / 1 1 ! 1 1 1 ! 1 
. 20 - 1 1 1 1 1 1 1 / 1 1 1 1 ! 1 ' ! 1 1 1 1 1 1 1/ 1 i 1 1 1 1 ' ! 1 1 1 1 / 1 ! t 1 : 1 ! 
1 1 1 l/ 1 ; ! 1 1 j i 1 1 1 / \  1 M .i ! i 1 ' 
1 1 1 l/l 1 1 1 *1 1 i i i 
1 1 1 / 1 i ! 1 ' 1 1 t 1 1 1 1 1 1 i /• 1 1 1 1 1 M 1 1 1 • 1 
1 1 1 ly 1 1 1 1 1 1 1 1 : : 1 \ y\ 1 1 i ' 1 1 1 : i : 
. 15 - 1 1 j/i 1 ! 1 1 1 1 1 i ! î 1 1 1 1 1 i / ! ' ! ! • '  ! i i 1 1 i • 1 ; 1 1 1 1 1 1 1 1 1 ; 1 : 
; ! 1 ' 1 i 1 ! ; 1 t M 1 M : ! 
! 1^ i l !  !  i  M 1 i 1 ! : ! 
1 1 1 1 1 1 1 1 1 1 1 1 1 ' ' : 
1 1 1 i 1 1 ( i 1 1 1 1 • ! 1 1 1 
; 1 1 1 t 1 1 1 1 1 ! 1 1 i i ! 1 ! 
1 i 1 1 1 1 ! M 1 1 i 1 1 1 1 ' • 1 
_1_ 1 1 1 i 1 M 1 1 1 1 i 1 i ' ! . 1 in 1 1 1 1 1 1 1 : 1 rn 1 n 
_L_ 1 1 1 11 1 1 1 1 1 i 1 1 i 1 ' : : j 1 1 1 1 1 11 1 1 ! • 1 1 1 i ; i ; 1 
1 1 1 1 1 1 1 ; 1 1 1 1 i 
• 1 1 1 j j 1 1 1 1 1 ! ' 1 : 1 : ! 
1 1 1 11 I ' l l  ! M 1 ! 1 1 . 1 
_i_ 1 f 1 1 1 1 ! 1 ! i ! i i 1 1 M 1 : 
0 /> c 
.0 2C 0 
1 1 1 
25 0 
1 i 
"'io QI 1 1 1 i 1 1 1 1 
Pounds 
Figure 6. Derived hog supply function, equation 4.10, for 
base level prices of corn and soybean oilmeal 
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hogs moves from 139.2 to 91.3 pounds respectively, or a 26.5 pound decrease 
and a 21.4 pound increase. 
However at a hog price of 22 cents per pound, and similar factor 
price changes to those above the maximum, the shift in supply is approx­
imately 5 pounds, with the differential growing successively smaller as the 
price of hogs is raised to higher levels. This same pattern was also true 
for the other hog supply equations. In addition to deriving supply values, 
the elasticity of supply was estimated at the various levels of hog prices. 
The functions expressing the price elasticity of supply (e^) associated with 
supply equations 4.6 to 4.10 respectively, are given below. 
2 2 I 
- 2 - .000917a - .0001793 + .00011 lag 
L .00000046 -I (4.6a) 
2 - .001440af - .0000993^ + .OOOllSag 
.00000056 (4.7a) 
- 2 - .0003843af - .0001223^ - .000672ai 
.00000142 (4.8a) 
2 j- .004151a^ - .0001303^ - .0008380:3 i 
L .00000146 -I (4.9a) 
- 2 I - .003485a - .0001063 - .00058lag 
L .00000114 (4.10a) 
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The supply price elasticity estimates are listed in Table 7, for each 
of the above supply equations for hogs, 4.6 to 4.10. Characteristically, 
the elasticity values are relatively high ranging between 1.0 and 2.0 for 
hogs at 10 cents per pound. The elasticity values drop very rapidly and 
become highly inelastic for hog prices 19 cents per pound and above, drop­
ping to .05 or .06 at the upper end of hog price range. The elasticity 
estimates were derived by adding the appropriate weaning weights to the 
gain levels indicated by the supply estimates. The supply elasticity 
estimates are depicted in Figure 7. 
Table 7. Estimates of price elasticity of supply 
Supply Equation 
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Figure 7. Estimates of price elasticity of supply of 
hogs for equations 4.6, 4.7 and 4.10 when 
the price of corn and soybean oilmeal-is 
set at base levels 
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Inferences to be drawn from hog supply estimates 
Since a number of the supply estimates result in hog weights beyond 
both market optimum and in some cases beyond the range of observations in 
the original data, a question of inference arises. First of all, a review 
of the original production functions is in order. All of the hog produc­
tion functions were estimated originally with the purpose of examining 
substitution ratios. For this purpose, the data is quite satisfactory. 
However if one examines the level of marginal productivities in the 
ÔY ^i 
original data, it is discovered that > — throughout much of the range 
i y 
of feeding. That is, even at the higher levels of feeding, the above 
inequality holds true with the marginal productivity being greater than 
the associated factor-product price ratio. 
It is as if the feeding experiment was designed with a built in dis­
count resulting in feeding levels greatly below profit maximizing levels 
of resource use. Thus the degree to which the production function is valid 
when projected beyond observed values, establishes the inferential value of 
the derived supply estimates. Recognition of this property in the original 
production function gives rise to the possibilities of re-designing future 
experiments of this nature. 
Since one of the stated objectives was the evaluation of the adequacy 
of available livestock production functions for supply analysis, it is 
useful to discover this particular characteristic as regards hog production 
functions. Methodologically, the approach appears to be valid. For 
example, as the price of an input declines, the supply function is shifted 
to the right and conversely, the rise in price of inputs causes a left­
ward shift in supply functions. The supply functions furthermore are 
57 
highly inelastic except at very low output prices for hogs which in turn 
tends to confirm the initial hypothesis regarding elasticity coefficients. 
Supply Function Derived for Milk Production 
Estimation of technical production functions for milk production has 
had perhaps more historical precedence than other livestock products. An 
early study by Jensen, et aj.. (35) resulted in a relatively lengthy con­
troversy in the journals and elsewhere regarding the appropriate concep­
tualization and formulation of the milk production relationship. In a 
study reported by Heady, et (31) a technical dairy production study 
was adapted to economic analysis. In addition to the usual feed inputs, 
a term used to estimate inherent milk production ability by the animal was 
included in the production function as an auxiliary variable. This study 
in turn, led to a recent, more elaborate study in which a number of addi­
tional auxiliary variables were included. Madden (43). These auxiliary 
variables in addition to basic productive ability were: stage of lacta­
tion, age of animal, maturity, degree of inbreeding, body weight and 
environmental temperature. The data utilized by Madden were from two 
experiments conducted by the Dairy Husbandry Department of Iowa State 
University. A total of 72 Holstein cows were included in the study with 
the feeding schedule composed of a grain mixture and alfalfa hay. After 
computing some 450 regression equations used to determine the production 
relationship. Madden chose the following production function as the one 
best representative function considering feeding logic and several sta-
2 
tistical tests; a _t test on the independent variables and the R values 
of each function. After setting the auxiliary variables at their 
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corresponding mean average levels, the resulting production function is: 
Y = - 25.93 + 2.5563G + 1.0465H 
P _ (4.11) 
- .005047G - .001088H - .003521GH 
where, Y is expressed in pounds of milk produced per cow per week, G is 
grain mix fed in pounds per week and H is alfalfa hay fed in pounds per 
week. 
The resulting supply function derived is given in equation 4.12. 
Y = 3in 40 + I- .0010880^ - .0050479% + .0035210P " .gx 
Yg jiu.4U -f- 1^ .00000957 J ^ " / 
where a = P^lce of grain = price of hay , 
price of milk price of milk 
The derived values for supply of milk are given for milk prices ranging 
from $1.30 per cwt. to $6.00 per cwt. in Table 8. Supply values range 
from 98 pounds of milk when the price is set at $1.30 per cwt. to 283 
pounds when the price is $3.60 per cwt. near the base level of 1965 
Iowa farm experience, and reaches 300 pounds when price is set at the 
upper boundary of $6.00 per cwt. These values all fall in the range of 
original data observations. The supple curve is presented in Figure 8. 
Price elasticity of supply for milk was also estimated and the elasticity 
equation associated with the supply function 4.12 is given below: 
• .0010880^ - .0050479% + .003521ap| 
.00000957 J (4.13) 
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Table 8. Estimated supply level for milk production for dairy supply 
function 4.12 and price elasticity of supply values 
Supply Elasticity 
Price, milk estimate of supply 
(per pound) (pounds) 
013 97.9 4.34 
016 170.2 1.65 
020 220.6 .81 
022 236.2 .63 
024 248.1 .50 
026 257.3 .41 
028 264.6 .35 
030 270,5 .29 
032 275.3 .25 
034 279.3 .22 
036 282.7 .20 
038 285.5 .17 
040 288.0 .16 
043 291.0 .13 
046 293.4 .12 
050 296.0 .10 
055 298.5 .08 
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Figure 8. Derived supply function for milk, equation 4.12, 
when the price of grain and hay is set at base 
levels 
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The elasticity estimates are also listed in Table 8 and the function is 
depicted in Figure 9. Once again the hypothesis regarding low supply 
elasticities is confirmed in that elasticities are less than .5 in the 
price range of $3.60 per cwt. of milk + $1.00, and at the highest price 
estimated $3.60 the figure is .07. Only at the extremely low end of the 
price range are elasticity estimates greater than 1.0. 
Supply Functions Derived for Broilers 
Estimation of supply for broilers is somewhat more free of the 
problems of time-weight gain relationships of larger animal feeding 
livestock enterprises. In addition, for the broiler supply estimates 
given below, the initial weight is considered negligible. 
The technical experiment upon which the production function is based 
was conducted by the Department of Poultry Husbandry of Iowa State Univer­
sity. The research was reported by Heady, Balloun and McAlexander (27). 
The experiment involved 600 New Hampshire chicks evenly divided as to 
sex. The experimental period was 11 weeks in length. Corn containing 
approximately 8.4 percent crude protein and soybean oilmeal containing 
approximately 45 percent crude protein were the two feed input factors. 
The overall production function is listed below as equation 4.14. 
Y = .0331 + .4832C + .6415S - .01830^ - .04973^ - .0232CS (4.14) 
where Y is gain in weight per broiler, C expresses the pounds of corn 
consumed per bird and S relates to the consumption of soybean oilmeal per 
bird. All regression coefficients are significant at the .01 level of 
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Figure 9. Estimate of price elasticity of supply for milk 
production from equation 4.12, when the price of 
grain and alfalfa hay is set at the base levels 
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probability level. 
The related supply function for equation 4.14 is: 
Yg = 3.87 + .0497Q;^ - .01833^ + .0332ag 
.0030998 (4.15) 
where a = P^ice of corn 
price of broilers 
and p = PficG of soybean oilmeal 
price of corn 
Its associated elasticity equation is: 
2 - .0497a^ - .01835^ + .0232aP 
- .0030998 - (4.16) e, S 
Estimates of supply for broiler prices ranging from 6 cents per pound 
to 40 cents per pound are given in Table 9 and depicted in Figure 10. 
At base level prices, the supply value estimate is between 3.23 and 3.38 
pounds. Elasticity estimates in Table 9 and in Figure 11 likewise are 
low and at the base level price is estimated at .35, with a very low esti­
mate of .05 when broilers are priced at 40 cents per pound. Once again, 
only at extremely low broiler prices, do elasticity estimates exceed 1.0. 
As in the case of milk production, the supply estimates fall within 
the range of the original data and therefore do not pose inferential 
problems. Confirmation of a hypothesized low supply elasticity is again 
made. 
The original technical research basic to the supply function derived 
for beef cattle was a joint effort by the Departments of Animal Husbandry, 
Supply Function Derived for Beef Cattle 
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Table 9. Estimated supply level for broilers for broiler supply function 
4.15 and price elasticity of supply values 
Supply Elasticity 
Price, broilers estimate of supply 
(per pound) (pounds) 
06 .40 17.40 
08 1.92 2.00 
10 2.63 .96 
12 3.01 .59 
14 3.24 .40 
16 3.39 .29 
18 3.49 .22 
20 3.56 .18 
24 3.66 .12 
28 3.72 .09 
32 3.75 .07 
34 3.77 .06 
36 3.78 .05 
40 3.80 .05 
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Figure 10. Derived supply function for broilers, equation 
4.15 when the price of corn and soybean oil-
meal is set at base levels 
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Figure 11. Estimate of price elasticity of supply for 
broilers from equation 4.15, when the price 
of corn and soybean oilmeal is set at base 
value 
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Agronomy and Economics and Sociology of Iowa State University. The work 
was designed to ascertain feed requirements and combinations for a corn-
soilage ration for feeding cattle. Soilage is pasture forage, machine 
chopped and hauled to the feed lot fresh daily. Hereford steers which had 
been previously wintered on a relatively low gain ration were used. A 
total of 336 animals were utilized in the experiment spread over a three-
year period. Stilbesterol was included as an additive in the ration as 
were several other mineral supplements. In addition, a temperature aux­
iliary variable was used to estimate the effect of this environmental 
factor. Roehrkasse (55, p. 65) estimated the following production function 
in which the temperature variable has been set at its mean average value. 
Y = .116371C + .023160F - .000005000^ 
2 (4.17) 
- .00000075F + .000000037CF 
where Y is expressed in pounds of gain per animal over the 850 pound 
initial weight, C is the number of pounds of corn fed during the overall 
experiment and F is the number of pounds of forage fed in the form of 
2 
soilage. The coefficients for C, F, and F are significant at the .001 
2 level of probability, while that of C is significant at a probability 
level between .2 and .4. However the significance level of the CF term 
is greater than .5. In pricing the forage input, the original price was 
adjusted to the base level prices by the method used by Roehrkasse 
(55, p. 91). 
The supply function derived from equation 4.17 is: 
Yg = 864.19 + |j j- .000000750^ - .0000056^ - .000000037ag 
.000000000015 (4.18) 
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where , _ _ Q, _ price of corn g _ price of forage 
price of cattle price of cattle 
Supply values estimated when the price of cattle ranges from 18 cents per 
pound to 41 cents per pound are given in Table 10 and depicted in Figure 
12. The equation for the price elasticity of supply for the beef feeding 
operation is : 




Table 10. Estimated supply level of weight gain for beef feeder cattle 
and elasticity values 
Beef supply Elasticity 
Price, fed cattle function 4.18 of supply 
(per pound) (pounds) 
.18 147.6 1.44 
.21 337.8 .89 
.25 492.9 .55 
.29 588.3 .38 
.33 651.2 .28 
.37 694.8 .22 
.41 726.3 .18 
Elasticity values calculated are given in Table 10. They range from 1.44 
at a cattle price of 18 cents per pound down to ,18 when cattle price is 
established at 41 cents per pound. For most of the range, supply is 
69 
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Figure 12. Derived supply function for beef cattle, 
equation 4.18, when the price of corn and 
forage is set at base levels 
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relatively inelastic. Elasticity values are depicted in Figure 13. Once 
again there exists an inferential problem in that the marginal productivity 
values are high relative to the associated factor-product price ratios for 
the production function. As a result, some supply estimates are beyond 
the observed values of the original data. The same problems of extrapola­
tion exist as in some of the hog supply estimates. Again it must be said 
that the feed levels used appear to have a "built-in" discount value so 
that feeding levels are never carried to the maximum profit point in the 
technical experimental work. 
Estimation of Factor Demand Relationships 
For each of the supply functions developed, factor demand functions 
were derived according to the formulations given in equations 3.28b and 
3.29b. The quadratic production function produces linear factor demand 
relationships. Graphical representations of these factor demand functions 
for corn and soybean oilmeal fed to hogs are given in Figures 14, 16, and 
18 through 25. In Figures 14 and 16, the influence on factor demand of 
changes in the price of hogs is examined. In addition to the base level 
price of 22 cents per pound for hogs, factor demand functions were esti­
mated for hog prices of 16 and 28 cents per pound. The price of 22 cents 
for hogs as a base level in factor demand functions resulted from adjusting 
upward slightly and rounding from the price given in Table 1 since it 
includes all hogs, and the concern in this study is with barrows and gilts. 
When hogs are priced at 16 cents, the demand functions for both corn 




Figure 13. Estimate of price elasticity of supply of beef 
cattle, from equation 4.18 when the price of 
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Figure 14. Derived factor demand function for corn when the 
price of hogs is set at 16, 22, and 28 cents per 
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Figure 15. Elasticity of demand for corn when fed to hogs priced 
at 22 cents per pound. From supply function, equation 
• 4.6 
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Figure 16. . Derived factor demand for soybean oilmeal 
when the price of hogs is set at 16, 22, and 
28 cents per pound. From supply function 
for hogs, equation 4.6 
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Figure 17. Elasticity of demand for soybean oilmeal when 
fed to hogs priced at 22 cents per pound. 
From supply function, equation 4.6 
76 
1 1 I 1 1 1 1 1 1 I 1 1 1 1 I I I '  I I I !  • 1 1 
i 1 1 1 i 1 1 1 1 1 ! 1 1 : 1 1 1 1 I 1 ! 1 i 1 i i i M i l  
1 1 i 1 1 1 i ! 1 1 1 1 ' 1 ' MM 
1 1 1 1 1 1 ' ! 1 1 i i 1 j 1 M . 1 1 1 1 1 1 i 1 1 I I I  i ! i 1 ! 1 t _l M _ I 1 1 1 i j MM 
1 1 1 i 1 i 1 1 ! 1 1 I M ' ' 1 1 1 1 1 1 1 1 1 M ! • 1 1 M 1 1 1 1 1 1 ! 1 1 1 M 1 i 1 M 
1 1 1 1 ! 1 1 1 1 1 I 1 MM 1 1 1 1 1 1 1 i i ! i i 1 1 M • 1 \ 1 1 1 1 1 ! 1 ! ' 1 1 1 1 1 M ! 
1 1 ; 1 \l 1 1 1 1 1 ! 1 1 ! ! 1 1 1 i MM 
1 Jvl 1 1 1 1 1 1 : i 1 1 1 i i i MM 
! 1 i 1 1 ! ! ! 1 1 MM 1 \ 1 t 1 1 1 1 i 1 1 1 1 
1 1 i 1 1 ! 1 1 1 ' ! 1 1 1 1 V 1 1 1 1 1 1 I ! 1 ! 
i 1 1 1 1 1 1 1 1 1 1 1 1 1 ! 1 1 1 1 M M' 
1 ! 1 1 1 1 ! 1 1 1 M 1 i 1 1 1 i 1 1 1 1 1 ! 1 1 MM 
1 1 1 i 1 i\ 1 1 1 1 1 1 1 1 1 1 1 1 1 M ! i 
1 1 1 1 1 N . I I I  1 1 1 1 1 1 1 MM I I I !  j 1 ! ! ! 1 MM ; 1 1 1 1 1 i\l 1 1 1 1 1 1 ! M 1 1 1 1 1 1 XI 1 1 1 1 1 1 1 1 M ! 1 I 1 1 1 1 \! 1 1 i 1 M 1 ! i M 1 ! 1 1 1 1 1 1 1 1 1 1 1 1 I I 1 i i 1 I i ! i 1 1 ; 1 1 ! 1 1 1 1 1 t V ' ! i 1 1 i 1 1 i 1 M •• 1 ! 1 1 1 1 1 \j 1 1 ! 1 1 i ! 1 i M I 
1 1 1 1 ! 1 1 \i 1 1 ! i 1 M i ! M i l  
1 1 1 i 1 1 1 1  1  I I I  MM 1 1 1 1 i 1 ! i 1 1 1 ! 1 1 M 1 1 1 1 1 1 \ & i 1 ! MM MM 
1 1 ! 1 1 \ 1 1 MM M i l  1 1 1 1 1 r\ 1 M 1 1 MM 1 1 
' 1 1 i \i I 1 ! i 1 ] MM ; 1 1 I 1 \l 1 1 ! ! 1 MM 
1 ! 1 1 1 1 ! 1 1 X1 1 1 1 i 1 M i 
1 1 1 1 1 t 1 1 1 ! l\ ' I 1 i MM 
1 1 1 1 i 1 1 i 1 1 1 1 1 1 i l\ 1 1 1 1 1 M 1 1 i 1 ! i_i i i M i l !  V • 1 ri - 1 
1 1 1 1 1 1 ! 1 1 1 ! 1 I i\l 1 ! • ! M 1 i 1 i i 1 1 1 1 ! 1 ! i ! 1 \i MM 
1 1 i i i 1 1 1 ! 1 1 1 1 \ 
1 1 1 1 1 1 1 1 1 1 1 1 M 1 M ! 
1 1 1 1 1 M i l l  M i l  
1 1 1 1 I 1 1 I M 1 1 1 
1 h 1 1 ! 1 1 1 1 ! .L_ 1 1 1 1 1 1 1 , 1 1 1 M i l l  MM 
1000 1100 1200 1300 
Pounds of Corn 
•Figure 18. Derived factor demand for corn when the price 
of hogs is set at 22 cents per pound. From 
supply function for hogs, equation 4.7 
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Figure 19. Derived factor demand for soybean oilmeal when 
the price of corn is set at 22 cents per pound. 
From supply function for hogs, equation 4.7 
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Figure 20. Derived factor demand function for corn 
when the price of hogs is set at 22 cents 
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Figure 21. Derived factor demand for soybean oilmeal 
when the price of hogs is set at 22 cents 
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Figure 22. Derived factor demand function for com when the price 
of hogs is set at 22 cents per pound. From supply 
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Figure 23. Derived factor demand function for soybean 
oilmeal when the price of hogs is set at 
22 cents per pound. From supply function 
equation 4.9 
82 
Pounds of Corn 
Figure 24. Derived 'factor demand for corn when,the price of hogs 
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Figure 25. Derived factor demand function for soybean 
oilmeal when the price of hogs is set at 22 . 
cents per pound. From supply function, 
equation 4.10 
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28 cents in turn shifts the demand functions to the right. 
Associated with the factor demand functions illustrated in Figures 
14 and 16 are functions describing the elasticity of factor demand. These 
are computed in accordance with the formulation given in equations 3.30 and 
3.31. They are depicted in Figures 15 and 17 respectively. The elasticity 
of demand for corn is extremely low, less than .08 throughout the price 
range examined. The elasticity of demand for soybean oilmeal is consider­
ably higher, ranging from less than .5 to slightly over 3.0 at the upper 
end of the price range. Thus it is found that the protein concentrate, 
soybean oilmeal fed to hogs is much more responsive to changes in its 
price than is corn. 
Factor demands for milk production 
Similarly, factor demand functions are derived for feed inputs used 
in the production of milk. Functions expressing demand relationships for 
grain and hay are illustrated in Figure 26, when the price of milk is set 
at $3.50 per cwt. Derived elasticity functions for grain and hay are 
shown in Figures 27 and 28. In general, the elasticities associated with 
these factor demand functions indicate a relatively responsive relation­
ship to price. With factor prices at base levels, the elasticity of demand 
is greater than 1.0 and ranges between 5.0 and 6.0 when the upper level of 
prices are considered. 
Factor demands for broilers 
In like manner, factor demand functions were derived for corn and 
soybean oilmeal when fed to broilers. These two relationships are illus­
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Figure 26. Derived factor demand functions for grain and 
• hay when milk price is set at $3.50 per cwt. 
From milk supply function, equation 4.12 
86 
'O § 











3 . 0 :  






Price of Grain 
I I I I I 
i ! I 
I I I 
_L_ 
I I I 
I I I I 
I I I i ; I 
I I I 
!  !  i  I  M  
I I : I ! I 
I I ! 
I ! I 
i_L 
: J I I i 
I I I I I 
I i I 
I : I I ! 
I I 
ÎTT i_i_L I i I. 
.04 
Figure 27. Elasticity of demand for grain used in the 
production of milk when milk is priced at 











Figure 28. Elasticity of demand for hay used in the produc­
tion of milk when milk is priced at $3.50 per cwt. 
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Derived factor demand function for corn when 
broiler price is set at 15 cents per pound. 



















Price of Corn 
Figure 30. Elasticity of demand for corn when fed to broilers. 
The price of broilers is set at 15 cents per pound. 
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Figuré 31. Derived factor demand function for soybean 
oilmeal when broiler price is set at 15 cents 
per pound. From broiler supply function, 
equation 4.15 
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pound for broilers is used here. Associated with each, demand function was 
an expression describing the elasticity levels encountered as price of the 
factor was shifted. These functions are depicted in Figures 30 and 32. 
While the factor demand for corn fed to broilers was inelastic throughout 
its entire range, the elasticity coefficient for soybean oilmeal was 
elastic for prices over 3 cents per pound, ranging as high as 7.0. Thus 
a relationship somewhat similar to that found for hogs is found when the 
same two inputs or factors are used in the production of broilers. 
Factor demands for beef cattle 
For beef cattle production, factor demand functions were developed 
for the two feed inputs, corn and forage. The demand function for corn 
fed to beef cattle is illustrated in Figure 33. That for forage is shown 
in Figure 35. In each case, the price of cattle is set at 23 cents per 
pound, rounded from the base level. The associated elasticity configura­
tions are given in Figures 34 and 36. Once more, elasticity levels are 
greater than one throughout much of the range of prices considered. Thus 
it appears that in the case of ruminants, factor demands are relatively 
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Figure 32. Elasticity of demand for soybean oilmeal when fed to 
broilers. The price of broilers is set at 15 cents 
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Figure 33. Derived factor demand for corn when the price of 
beef is set at 23 cents per pound. From beef 
supply function, equation 4.18 
Figure 34. Elasticity of demand for corn when fed to beef 
cattle. The price of cattle is set at 23 cents 
per pound. From supply equation 4.18 
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Figure 35. Derived factor demand for forage when the price of beef 
is set at 23 cents per pound. Price of forage is stated 
as an equivalent to alfalfa hay. From beef supply func­
tion, equation 4.18 
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Price of Forage 
Figure 36. Elasticity of demand for forage when fee to 
beef cattle. The price of cattle is set at 
23 cents per pound. From supply function, 
equation 4.18 
CHAPTER V. DISCUSSION 
The empirical estimates of product supply and factor demand derived 
in the preceding pages point up some interesting relationships for the 
farm firm. For those who argue that the essential nature of short run 
supply is highly inelastic, there is abundance of evidence in the pre­
ceding estimates. Again the setting should be clarified. The assumption 
is that for the various livestock enterprises the only means of changing 
supply levels is by variation of the rates of feeding. In the period of 
concern, the animals are on hand and cannot be increased in number. 
Depending upon the livestock under consideration, this may or may not be an 
extremely limiting assumption. Starting with broilers for example, this 
limitation on numbers is probably more directly related to equipment, 
facilities and labor available. Broiler chicks are readily available, 
and even if new hatchings need to be planned, the incubation period is 
only three weeks in length. 
For dairy production on a given farm, the limited animal number 
assumption may be btrong or weak depending on the means by which the oper­
ator adds cows to his herd. For the most typical case of raising herd 
replacements or additions by holding back larger numbers of heifers, a 
minimum of two years would be required to add to the herd. This would 
result in a strong assumption. If the operator buys mature cows or 
heifers due to freshen, the size of the herd can be increased very 
rapidly. This means of adding to herd size has a further market impli­
cation, however. If milk prices should rise encouraging herd expansion, 
other farm operators will likewise be in the market, and any short term 
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advantage may be bid away in rising prices for replacements and herd 
additions. 
For hogs, feeding animals are ordinarily raised on the farm. Thus 
the shortest period that additions can be made to the number of animals 
fed is slightly under four months, the gestation period for hogs. Since 
most farms are on a more or less regular farrowing schedule, this minimum 
period is likely to exceed this four month period. If the increase in 
numbers comes via an increase in sows, an additional six months must be 
added to permit an increase in gilt hold-back and the necessary period for 
their maturing. In this setting, the fixed numbers assumption is relatively 
strong. Again, feeder pigs may be purchased, and numbers added very 
rapidly, thus weakening the assumption. 
Cattle feeding operations typically depend on purchases of feeding 
cattle from Western range areas. The seasonal availability tends to make 
the fixed numbers assumption realistic as well as the total calf producing 
ability of range herds. The total potential for expansion in terms of 
time is of much the same order as for dairy animals. In the event that 
feeder additions come exclusively from one's own herd, a possible three 
1 
year lag results. 
For those who argue that supply elasticities are high because of the 
relative ease of substitution of factors between enterprises can make use 
of the results of the factor demand elasticities which have high values 
as in beef production for both corn and forage, and similarly for these 
two input factors in the production of milk. 
The study lends authority to the hypothesis of the relative high degree 
of sensitivity of supply to changes in price ratios both between factors and 
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between factors and product. The shifts in supply and in factor demand 
functions tend to support this line of reasoning. 
The comparison of price elasticities in the case of hog production 
in which several supply functions were derived is interesting. In spite 
of the fact that relatively large differences were evident when physical 
quantities of supply were compared from the several functions, when the 
elasticity estimates were compared, the values were quite similar. 
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CHAPTER VI. SUMMARY AND CONCLUSIONS 
This analysis of short run static supply for livestock used as a 
data base, technical production functions derived in an experimental 
setting. A firm operating in pure competition, rationally maximizing pro­
fits with no uncertainty or capital limitation constraints was assumed. 
Full and complete knowledge of production response via the production 
function was further assumed. 
A common functional form for the production function was chosen so 
that comparisons between enterprises might be made. The form chosen was 
a quadratic function in two independent variables with a simple multiplica­
tive linear interaction term. A supply formulation was derived resulting 
in a supply function containing only price ratios for factor inputs and 
output together with the coefficients of the original regression equa­
tion. From the supply function was derived an expression for supply 
elasticity estimation. Further, functions for the factor demands of inputs 
relating to the supply equations were developed along with associated 
factor demand elasticity estimates. 
Four livestock enterprises were analyzed for which useable production 
functions existed, namely, hogs, milk production, broilers and beef cattle. 
A base set of prices was chosen to reflect existing price relatives during 
1965 at the farm level in Iowa. Both output and factor prices were varied 
through relevant ranges in order to examine the various estimated quan­
tities . 
The original hypothesis that the short run supply price elasticity is 
low was borne out. Only at extremely low and unlikely price levels for 
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livestock was the supply elasticity greater than 1. At the base price of 
$22 per cwt. level for hogs, the supply elasticity ranged between .15 and 
.21. For milk at the base price level of $3,50 per cwt., the supply 
elasticity was .21. Broiler supply elasticity as the base level of 15 
cents per pound was .35. At a beef price level of $23 per cwt., the 
elasticity of supply was .7, the highest estimate of the group. 
As to the evaluation of the adequacy of existing livestock production 
functions for this form of analysis, the particular formulations for milk 
production and broilers were capable of generating supply functions quite 
satisfactory throughout their entire range. The production functions for 
hogs and beef cattle were of such a nature that marginal productivity 
values were high relative to factor product price ratios for each of the 
inputs. Thus in order to evaluate the supply function over the relevant 
price range for the product, an extrapolation of the original observations 
resulted. Hopefully, future technical experiments in both these areas 
would carry feeding levels up to the point where individual factor inputs 
might be used to levels necessary to maximize profits, and thus, supply 
formulations such as this type would similarly optimize input use within 
the original data range. 
Since this study was to a degree methodological in nature, the pro­
blems described above were relatively minor compared to the generation of 
new knowledge this analysis provided. The development of the concept of 
components of supply with the production oriented component serving as the 
base should prove extremely useful to those doing research in the area of 
behavioristic supply response. 
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The supply estimates developed in this study should be of use to 
future research workers both in the area of normative and positive anal­
ysis of the structural relationships in agriculture. Some guidelines are 
established for future studies utilizing similar methodology. For those 
approaching supply via the linear programming route, knowledge of optimal 
levels of output for varying price situations may be helpful. 
For those concerned with positive analysis, having one component that 
can be utilized in a relatively objective fashion rather than having to 
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